where, 1 p and 1 U denote the complex pressure amplitude and volume flow rate amplitude, 121 respectively;
is the phase difference between the pressure and volume flow rate.
122
A traveling-wave thermoacoustic electric generator is generally composed of a impedance is matched in a thermoacoustic electric generator, it means that the thermoacoustic 125 engine and the linear alternators can both work at or near their optimal working conditions 126 simultaneously when they are connected. The coupled system is able to achieve the 127 maximum electric power output and the highest thermal-to-electric efficiency at its full 128 potential. In order to achieve the matching condition stated above, three aspects of matching 8 complete model of the whole system, and then investigate the effects of different parameters 137 on the system performances so as to find the direction for optimization. It is worth noting that 138 the thermoacoustic engine and the linear alternators not only work synergistically as a 139 coupled system, but also work independently in a thermoacoustic electric generator. If the 140 aforementioned approach is used in such a strongly coupled system, the critical information 141 about the optimal working conditions that the engine and the alternators require may be 142 covered. It is difficult to know whether the sub-systems have reached their optimal working 143 conditions if only the whole model is investigated. Besides, due to so many adjustable 144 parameters in the whole system, it is also a challenge to find the clear direction for the 145 optimization and realize the acoustic match between the engine and the alternators.
146
In electrics, an effective way of realizing the electric impedance match in a power circuit 147 is to introduce the concepts of input impedance of the electric load and the output impedance respectively. Similar to the trends with location A, both the output acoustic power and However, the ranges to achieve the relatively high acoustic power and efficiency are enlarged, 284 is higher than 10 7 Pa·s/m 3 , the equivalent displacements are mainly within the safe range.
285
For location A, the corresponding equivalent displacements for the maximum output 
Effect of operating frequency
302 Figure 8 shows the dependences of input acoustic power and output electric power on 303 operating frequency for one linear alternator at fixed pressure amplitude and load resistance.
304
As shown, when the operating frequency is about 71 Hz, which is near the resonant 305 frequency of the linear alternator, both the input acoustic power and the output electric power In all, the above analysis shows that the ability to extract the acoustic power of the linear 323 alternators is the strongest at the resonant frequency. When the operating frequency is far 324 away from the resonant one, the acoustic power that can be extracted by the linear alternator 325 is largely decreased due to the large acoustic reactance. Pa·s/m 3 , respectively. The corresponding equivalent displacements of the linear alternator 340 will reach more than 11 mm at location A and 9 mm when connecting at location B, which 341 are much larger than the maximum allowable value of 6.5 mm. The above analysis shows that 342 the linear alternators cannot be matched to the thermoacoustic engine at either location A or 343 location B when the electric capacitance is either larger than 100 μF or smaller than 1 μF.
344
Fortunately, when the circuit is connected with an electric capacitance of about 10 μF,
345
both the real and the imaginary parts of the acoustic impedance can be effectively modulated 346 to meet the requirements for matching with the thermoacoustic engine. According to Figure   347 10, when the electric capacitance is adjusted to be around 10 μF, the imaginary part of the 348 acoustic impedance is very close to zero, and the real part can be adjusted from 1.16×10 7
349
Pa·s/m 3 to 1.92×10 7 Pa·s/m 3 by increasing the load resistance from 100 Ω to 180 Ω.
350
According to the output characteristics of the engine at location A, the acoustic impedances As shown in Figure 13 , the acoustoelectric efficiency of the linear alternators first 385 increases and then has a slightly decrease when increasing the load resistance. The efficiency 386 with the electric capacitance is higher than that without an electric capacitance at any load resistance, showing the importance of the electric capacitance. When the electric capacitance 388 of 9.6 μF is adopted, the acoustoelectric efficiency is all the way above 0.9 when the load 389 resistance is within the range of 80 Ω~340 Ω. 
Matching of operating frequency

398
The operating frequency is adjusted by using two different working gas, i.e. helium and 399 nitrogen gases in the experiments. The experiments for investigating the effect of operating 400 frequency on the overall performances are conducted by using one linear alternator #2
401
connected at the location B of the thermoacoustic engine. The filling pressure is 2.2 MPa.
402
When nitrogen is used as working fluid, the operating frequency of the whole system is about 23 Hz, which is much lower than the mechanical resonant frequency of the linear 404 alternator. When helium gas is used, the operating frequency reaches 65 Hz, which is very 405 close to the resonant frequency. Figure 14 shows the electric powers Wl and an electric capacitance of 9.6 μF connected in the circuit.
429 Figure 15 and Figure 16 shows the frequency, pressure amplitude, displacement, and 750.4 W in the experiments at 100 Ω, which is much larger than that coupled at location A.
491
The acoustic impedance at 100 Ω indicates that it is at the optimal point for the output electric 
